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Experience shapes the brain and behavior through changes in the strength of synaptic connections between neurons. Central goals of neuroscience are: (1) to define the rules governing this synaptic plasticity and (2) to understand how such rules shape the flow of information through neural circuits to support adaptive behavior. Plasticity rules have been studied extensively in many parts of the nervous system, typically using in vitro preparations, such as brain slices. However, it has proven extremely difficult to forge tight links between synaptic plasticity measured in slices, neuronal responses measured in intact animals, and behavior. For example, despite major efforts, we still lack a detailed understanding of how specific forms of synaptic plasticity in the hippocampus, such as long-term potentiation, relate to in vivo response properties of hippocampal neurons, such as place fields, and to hippocampus-dependent behavior, such as spatial learning.
A promising approach to linking synaptic plasticity, circuits, and behavior is to apply coordinated experimental and theoretical approaches to the study of simpler circuits and simpler forms of behavioral learning. Efforts to elucidate the role of the cerebellum in the adaptation of the vestibulo-ocular reflex (VOR) are prime examples of this approach. The VOR serves the vital function of stabilizing images on the retina when the head moves in order to prevent blurry vision. Baseline performance of the VOR is mediated by a simple three neuron arc. Vestibular sensory neurons in the inner ear encode head velocity signals and project to neurons in the vestibular nucleus, which, in turn, control the extraocular muscles such that the eyes move in the direction opposite to the head. Importantly, the VOR is not fixed but is recalibrated any time image motion, also known as retinal slip, is persistently correlated with head movement. Such adaptation of the VOR gain is an easily quantifiable form of motor learning and depends on Purkinje cells in a particular region of the cerebellum, known as the flocculus, which projects directly to the vestibular nucleus.
Numerous lines of evidence, including in vivo electrophysiological recordings, behavioral studies of genetically manipulated mice, and computational modeling, all point to parallel fiber synapses between granule cells and Purkinje cells as a key (though not exclusive) site of plasticity underlying VOR adaptation. Parallel fiber inputs to Purkinje cells are extremely numerous and, in the flocculus, convey signals related to head and eye movements. Purkinje cells also receive a single, powerful climbing fiber input from the inferior olive. Climbing fiber inputs to flocculus Purkinje cells convey retinal slip signals. Hence, plasticity induced by correlations between parallel fibers and climbing fibers could, in principle, be used to adapt VOR gain. A 1998 study by Raymond and Lisberger combined Purkinje cell recordings and modeling to deduce specific rules that could explain VOR learning across a variety of experimental conditions (Raymond and Lisberger, 1998) . The important conclusion of their work was that the only single rule that could account for VOR learning was one that modified head motion inputs conveyed by parallel fibers based on retinal slip signals conveyed by climbing fibers arriving 100 ms later. This delay corresponds almost exactly to the time it takes for flocculus Purkinje cell activity to affect vestibular-driven eye movements and for visual feedback about the adequacy of those movements to reach Purkinje cells via the climbing fibers. In other words, a plasticity rule that modifies parallel fiber synapses active 100 ms before a climbing fiber appears to be required to produce alterations of Purkinje cell firing appropriate to adapt VOR gain (Figure 1) .
By 1998, a candidate plasticity mechanism for VOR learning was well established. Ito was the first to show that coactivation of parallel fibers and climbing fibers resulted in a persistent weakening of responses evoked by parallel fiber stimulation (Ito and Kano, 1982) , confirming earlier theoretical predictions. The cellular properties and molecular mechanisms of this phenomenon, termed cerebellar long-term depression (LTD), became the topic of intensive investigation using brain slices (Jö rntell and Hansel, 2006) . The temporal requirements of LTD were investigated by systematically varying the interval between parallel fiber and climbing fiber stimulation in vitro (Chen and Thompson, 1995; Safo and Regehr, 2008) . The results appeared to indicate a much broader timing dependence than that which would be required to support VOR learning. In addition, evidence for the existence of multiple sites and mechanisms of plasticity in the cerebellum provided an alternative account of VOR learning that did not require a temporally precise plasticity rule (Boyden et al., 2004; Gao et al., 2012) . In this issue of Neuron, Suvrathan et al. (2016) revisit the question of the timing dependence of parallel fiber synaptic plasticity. Their results show a striking match between the timing dependence of LTD in the flocculus and the requirements of VOR learning and suggest a major revision of the rules for associative synaptic plasticity in the cerebellar cortex.
First, Suvrathan et al. (2016) sought to test predictions from past studies of
